INTRODUCTION
Transcatheter aortic valve implantation (TAVI) has evolved into a valuable treatment option among elderly patients with symptomatic valvular aortic stenosis at high surgical risk. Evidence from randomised clinical trials showed a sustained survival benefit of TAVI compared with medical treatment (MT) in inoperable patients as well as similar survival as surgical aortic valve replacement (SAVR) among patients at high risk for surgery through 2 years of follow-up. 1 2 However, data on longterm clinical outcomes of patients undergoing TAVI remain sparse and the rate of adverse events is largely determined by comorbidities. Long-term efficacy data of TAVI compared with surgical treatment are important to further refine the clinical selection process of TAVI candidates and to supplement in vitro data on valve durability.
We have previously reported the outcome of unselected patients allocated to a particular treatment strategy (MT, SAVR or TAVI) and presented periprocedural and midterm clinical outcome. 3 The aim of the present analysis was to extend these observations during long-term follow-up through 5 years according to initial treatment allocation and to identify predictors of adverse clinical outcomes.
METHODS

Patient population
Between July 2007 and September 2010, all patients with symptomatic, severe aortic stenosis deemed at increased surgical risk were consecutively enrolled into a prospective single centre registry. Criteria for inclusion have been reported previously 3 and are summarised in the online supplementary material. All subjects provided written informed consent and the study was approved by the local ethical committee.
Interdisciplinary evaluation and selection of a treatment strategy
Patients with severe aortic stenosis at increased surgical risk underwent a multimodal assessment according to a standardised protocol during a short hospitalisation (see online supplementary material). Selection of an appropriate treatment strategy was based on a consensus decision within the Heart Team.
MT consisted of treatment of cardiac and noncardiac comorbidities according to best clinical practice. In patients with severe coronary artery disease and limiting angina, percutaneous coronary intervention was performed as indicated. Balloon aortic valvuloplasty was not offered as part of the MT strategy, nor as a bridge to SAVR in patients with congestive heart failure. In some cases, treatment allocation was reconsidered and discussed in the Heart Team. As a consequence some patients underwent TAVI or SAVR at a later stage.
SAVR was performed according to contemporary standards as outlined previously. 3 TAVI was performed with either the Medtronic CoreValve Revalving system or the Edwards SAPIEN valve through a transfemoral, transapical or a trans-subclavian access using standard techniques. The algorithm for access and device selection according to annulus diameter and vascular access dimensions has been reported previously. 3 
Data collection
Patients were included into the registry at the time of SAVR or TAVI; for patients undergoing MT the date of hospitalisation for multimodal evaluation was determined as the date of inclusion. Follow-up was performed by means of standardised telephone interviews or clinical visits. Between March and October 2013 we performed a sweep follow-up for all patients. Medical records, discharge summaries and documentation of hospitalisation were systematically collected from referring hospitals and general practitioners. Patients and procedure characteristics as well as follow-up data were entered into a dedicated database held at the Clinical Trials Unit in Bern, Switzerland.
Definitions
The definitions applied for the analysis have been reported in detail previously 3 and are summarised in the online supplementary material. All events were adjudicated by a team of interventional cardiologists and cardiac surgeons.
Statistical analysis
Continuous variables are presented as mean±SD if their distribution is approximately normal and as median/range otherwise. The means were compared using analysis of variance and the differences in medians were evaluated with Mann-Whitney or Kruskal-Wallis tests. Categorical data are expressed as frequency (percentages), and were compared using χ 2 and Fisher's exact tests. Survival was estimated using the Kaplan-Meier method and differences in estimates were compared by means of the log-rank test. All time-to-event analyses were based on the initial treatment allocation, in analogy to the intention-to-treat principle unless otherwise specified. The at-risk time span was derived from the date of intervention on one side and the last available date of a patient on the other side, determined either by the date of death, of the last follow-up or information coming from referring hospitals and practitioners. Univariate and multivariate Cox proportional hazards models were used to derive crude and adjusted survival estimates and to assess the association of baseline characteristics with clinical outcomes. All p values and 95% CIs are two-sided and all analyses were performed using STATA release V.13.
RESULTS
Between April 2007 and September 2010, 452 patients with severe aortic stenosis at increased risk for surgery were assessed by the Heart Team. Ten patients died before definitive treatment allocation, 78 patients were assigned to MT, SAVR was performed in 107 patients and 257 patients underwent TAVI (see online supplementary figure S1 and estimated periprocedural risk, patients allocated to SAVR tended to be younger, had less comorbidities and lower calculated risk.
Clinical outcome
Periprocedural outcome has been reported previously. All comparisons between the three treatment arms are descriptive. The median duration of follow-up of patients undergoing MT, SAVR or TAVI amounted to 4.6 (range 3.4-6.5) years, 3.8 (range 2.8-6.1) years and 3.9 (range 2.6-5.8) years, respectively. One patient was lost to follow-up 2.8 years after SAVR. Event rates at 3 years and 5 years are summarised in table 2. There was a statistically significant association between the mortality rate and the type of treatment after 3 years and 5 years. Rates of myocardial infarction and cerebrovascular events were low without significant differences between groups. All-cause mortality through 5 years amounted to 81%, 37% and 43%, among patients allocated to MT, SAVR and TAVI, respectively ( p<0.001; figure 1 ).
Crude and adjusted HRs for comparisons between groups are provided in online supplementary Values given are n (%) and the differences between groups were evaluated using Pearson's χ 2 and Fisher's exact tests. MI, myocardial infarction; MT, medical treatment; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; TIA, transient ischaemic attack. one of the two intervention arms (figure 3). After exclusion of the MT arm, a stratified analysis across subgroups between patients undergoing SAVR or TAVI identified no statistically significant differences between the two treatment strategies (see online supplementary figure S2).
Cross-over from MT to SAVR or TAVI
During the follow-up period, 11 of the 78 patients (14%) initially assigned to MT were reassessed and crossed over to TAVI (n=9) or SAVR (n=2) after a median of 2.0 years (range 25-1159 days). Seven patients initially allocated to the MT group changed their mind and agreed to undergo TAVI (n=6) or SAVR (n=1). Four patients deemed poor candidates for intervention by the initial Heart Team consensus underwent cross-over to TAVI (n=3) or SAVR (n=1) after reassessment. There were no statistically significant differences in the baseline characteristics reported in table 1 between patients with or without cross-over from MT to one of the intervention arms, except for the STS score, which was significantly higher among the patients who did not cross over ( p=0.029). The majority of long-term survivors in the MT arm had undergone cross-over during the course of the study. After 5 years, only 6% of the patients who did not undergo conversion were alive, whereas the survival rate was 100% for the ones who subsequently underwent SAVR and 67% for those who underwent TAVI. The association between death and conversion either to SAVR or TAVI was statistically significant ( p<0.001). A survival analysis of the overall population as-treated is depicted in figure 4 .
Predictors of mortality
In multivariate analyses, SAVR (HR 0.39, 95% CI 0.24 to 0.61, p<0.001), TAVI (HR 0.37, 95% CI 0.26 to 0.52, p<0.001) and female gender (HR 0.72, 95% CI 0.53 to 0.99, p=0.042) were associated with improved survival. Conversely, body mass index (BMI) ≤20 kg/m 2 (HR 1.60, 95% CI 1.04 to 2.47, p=0.032), diabetes (HR 1.48, 95% CI 1.03 to 2.12, p=0.033), peripheral vascular disease (HR 2.01, 95% CI 1.44 to 2.81, p<0.001), atrial fibrillation (HR 1.74, 95% CI 1.28 to 2.37, p<0.001) and severe pulmonary hypertension (HR 1.43, 95% CI 1.03 to 2.00, p=0.034) were identified as independent predictors of allcause mortality through 5 years of follow-up (table 3) . After exclusion of patients in the MT arm, a BMI ≤20 kg/m 2 , a history of stroke, a history of peripheral vascular disease and atrial fibrillation were identified as predictors of long-term mortality (see online supplementary table S3).
Echocardiographic follow-up and valve-related reinterventions
Echocardiographic follow-up was performed after a median of 3.3 years (range 3-1936 days) and 1.6 years (range 246-1651 days) in patients undergoing SAVR or TAVI, respectively, (p<0.001). Due to the differing time intervals, the results must be considered descriptive. The mean trans-prosthetic gradient among patients of the TAVI group was significantly lower compared with patients of the SAVR group (see online supplementary figure S3) . No statistically significant difference between the two treatment arms was documented with respect to the aortic valve area (TAVI 1.7±0.7 cm 2 vs SAVR 1.4±0.4 cm 2 , p=0.11). Conversely, moderate or severe aortic regurgitation was more common among patients treated with TAVI as compared with SAVR (14.3% vs 3.1%, p<0.001).
Valve-related repeat interventions beyond the periprocedural period were performed in five patients (1.9%) in the TAVI cohort. In contrast, none of the patients of the SAVR group required a valve-related repeat intervention ( p=0.327). Two patients underwent balloon dilatation of the transcatheter prosthesis due to paravalvular regurgitation 13 days and 14 days after TAVI. One patient was diagnosed with an aorto-right ventricular fistula 38 days after implantation of an Edwards SAPIEN prosthesis which was occluded with a coil. 4 One patient developed severe paravalvular aortic regurgitation 1.3 years after implantation of a Medtronic CoreValve bioprosthesis and was treated with valve-in-valve implantation of a second Medtronic CoreValve bioprosthesis. And one patient developed severe valvular deterioration 4.6 years after implantation of an Edwards SAPIEN prosthesis (mean gradient 64 mm Hg, aortic valve area (AVA) 0.6 cm 2 ) and was treated successfully by valve-in-valve-implantation (Medtronic CoreValve bioprosthesis).
DISCUSSION
We present clinical outcomes of elderly patients with severe symptomatic aortic stenosis at increased risk for surgery as a function of treatment modality through 5 years of follow-up. The key findings of our analysis can be summarised as follows: (1) TAVI and SAVR improve long-term survival compared with MT; (2) there were no statistically significant differences in rates of major adverse cerebro-cardiovascular events between patients allocated to SAVR and TAVI through 5 years of follow-up; (3) male gender, low BMI, diabetes, peripheral vascular disease, atrial fibrillation and severe pulmonary hypertension were identified as independent predictors of mortality at 5 years; (4) repeat interventions for prosthetic heart valve related problems were rare and were observed in TAVI patients only; (5) patients with cross-over from medical therapy to SAVR or transcatheter aorticvalve replacement (TAVR) had a reasonably good outcome whereas those who did not had a dismal prognosis.
As reported previously, a considerable proportion of patients in the MT arm refused intervention despite a recommendation by the Heart Team. 3 TAVI and SAVR decreased the absolute risk of mortality through 5 years of follow-up by approximately 70% with low rates of myocardial infarction or cerebrovascular events. Our findings are in line with the 2-year results of the randomised PARTNER B trial showing an absolute risk reduction of 42% and 43% in the first 2 years after randomisation among patients treated with TAVI compared with MT, respectively. 2 In our analysis, the time-to-event curves between patients who underwent SAVR or TAVI and those who underwent MT diverged until 2 years after treatment allocation and run approximately in parallel for the follow-up beyond 2 years. This finding persisted in an 'as-treated' analysis and was not attributable to the patients in the MT arm with cross-over to intervention.
Efficacy of TAVI or SAVR was also apparent among patients who subsequently crossed over to an intervention. Patients with cross-over from MT to TAVI or SAVR were comparable in terms of baseline characteristics to patients who continued with MT. However, mortality was significantly lower among patients who crossed over compared with those who continued MT. This finding highlights the fact that the process of decision-making can be challenging within the Heart Team and patients with only moderate symptoms may refuse active treatment owing to fear of complications or acceptable quality of life under MT alone.
Rates of adverse events showed no significant differences between patients allocated to SAVR or TAVI with respect to major adverse cerebro-cardiovascular events throughout 5 years of follow-up despite differences in baseline characteristics. This is in line with the randomised comparison of SAVR and TAVI in the PARTNER A trial without differences in all-cause mortality or stroke throughout 3 years of follow-up. 5 Rates of myocardial infarction and stroke were low in all groups during this follow-up period.
When assessing predictors of all-cause mortality at 5 years in a multivariate analysis, male gender, low BMI, diabetes, peripheral vascular disease, atrial fibrillation and severe pulmonary hypertension emerged as independent predictors. Low BMI is one of the determinants of frailty that has previously been associated with adverse outcome after TAVI 6 7 and remains an important piece in the puzzle for further improvements in this patient population. An appropriate assessment of frailty followed by a dedicated intervention before TAVI or SAVR might therefore be an additional strategy to guide patient selection. Diabetes also emerged an independent predictor of mortality confirming the findings of previous studies. 8 A subanalysis of the PARTNER trial reported the effect of diabetes on outcomes and hypothesised improved survival of patients undergoing TAVI compared with SAVR (18.0% vs 27.4%, HR 0.60, 95% CI 0.36 to 0.99, p=0.04). 9 Peripheral vascular disease, but not coronary artery disease was identified as an independent predictor in the present analysis. We have documented in a larger cohort of patients undergoing TAVI an association of advanced coronary artery disease with an increased risk of cardiac mortality. 10 This finding may be related to the fact that peripheral vascular disease is a marker of atherosclerotic disease burden in general. Furthermore, patients with peripheral vascular disease have an increased risk of cerebrovascular events but also elevated rates of vascular access site complications. Another unfavourable marker is atrial fibrillation which has been associated with adverse outcome in previous studies. 11 Finally, severe pulmonary hypertension has previously been associated with an increased risk of mortality after TAVI. 12 In patients with fixed pulmonary hypertension, the poor outcome may be related to right heart failure despite successful elimination of the increased afterload imposed by the stenotic valve.
Another important consideration is valve durability after TAVI and SAVR. The low incidence of repeat interventions due to prosthetic heart valve complications among TAVI patients is reassuring. Only two patients (1.9%) in the present cohort experienced late valve degeneration which was successfully treated by valve-in-valve intervention. The limited echocardiographic evaluation, although not prospectively defined, showed sustained low transvalvular gradients. This finding is supported by a recent publication by Toggweiler et al 13 reporting on favourable haemodynamic outcome of patients treated with TAVI through 5 years of follow-up. Mild valvular aortic regurgitation was documented in 7.1% of 88 patients, and 3 patients (3.4%) were found to have moderate valvular aortic regurgitation or stenosis at 5 years of follow-up. 13 Rates of mild or moderate valvular aortic regurgitation as assessed by echocardiography were higher among patients undergoing TAVI as compared with SAVR ( p<0.001).
Our analysis has several limitations. First, the patients were referred from affiliated medical centres and allocated to the different treatment strategies in a non-randomised fashion. We present adjusted analyses to correct for the selection bias. However, latent factors may have been underappreciated in our analysis. Second, we report on a relatively small cohort of patients. In turn, follow-up was almost complete and reports on long-term outcome of patients undergoing TAVI are scarce. Third, not all patients underwent echocardiographic follow-up and the duration of follow-up was considerably longer among patients who underwent SAVR as compared with those who underwent TAVI. Furthermore, patients with pathological findings on previous examinations might have been summoned up more regularly than patients with normal valvular function.
In summary, the current analysis confirms comparable clinical outcomes of TAVI and SAVR during long-term follow-up in a selected patient population. No statistically significant difference in outcome apart from the higher rate of residual aortic regurgitation in disfavour of the TAVI population was found.
In contrast, MT was associated with a dismal prognosis unless patients underwent conversion of treatment to SAVR or TAVI at a later stage.
Key messages
What is known on this subject? Evidence from randomised clinical trials showed a sustained survival benefit of transcatheter aortic valve implantation (TAVI) compared with medical treatment (MT) in inoperable patients as well as similar survival as surgical aortic valve replacement (SAVR) among patients at high risk for surgery through 2 years of follow-up.
What might this study add?
This study provides long-term outcome through 5 years of a consecutive unselected cohort of patients at increased risk allocated to either one of all currently available strategies for the treatment of severe aortic stenosis. The study shows similar rates of major adverse cerebro-cardiovascular events for TAVI and SAVR, and dismal prognosis for patients undergoing MT. The study identifies low body mass index, diabetes, peripheral vascular disease, atrial fibrillation and pulmonary hypertension as independent predictors of mortality.
How might this impact on clinical practice?
The study might improve the selection of adequate candidates for TAVI and SAVR.
